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Background and Purpose Hypertension is a risk factor for initial stroke, but its relation to stroke recurrence is unclear.
Therefore, we sought to analyze the effect of hypertension and its control on risk of stroke recurrence.
Methods Within 1 month of onset, a population-based cohort of 662 patients from the Lehigh Valley with an initial stroke were enrolled. Hypertension was determined at enrollment by history. Blood pressure was also measured at enrollment and at each follow-up at 4-to 6-month intervals for up to 48 months (mean, 24 months). Stroke recurrence was verified by history, examination, and review of medical reports. Various criteria for control of blood pressure were defined. History of hypertension, measured blood pressure, and its control were analyzed in relation to stroke recurrence frequency using Kaplan-Meier and univariate, multivariate, and time-dependent Cox proportional hazards models.
Results At enrollment, 59.4% of the cohort had a history of hypertension and 81 patients had a second stroke. Those with I t is generally accepted that hypertension is associated with increased risk of initial stroke and that control of hypertension reduces this risk. However, it is unclear that the same associations hold for recurrent stroke. Although in some case series control of blood pressure reduced recurrent stroke, 14 no reduction in stroke recurrence was noted when hypertension was controlled in two population-based studies. 5 ' 6 We investigated the association of hypertension and recurrent stroke using the Lehigh Valley Stroke Cohort. Our study was based on patients admitted to the hospital with an initial stroke and was specifically designed to determine the frequency of stroke recurrence prospectively. We also studied the effect of blood pressure control on risk of stroke recurrence and took into account comorbidities, time since initial stroke, and demographic variables such as age and sex in calculating stroke recurrence rates. a history of hypertension had a significantly higher stroke recurrence rate than those without such a history (P=.01). Among those with measured diastolic blood pressure at enrollment ^95 mm Hg, 43% had a stroke recurrence by the end of the study compared with only 19% below this cutoff (P=.005). Recurrence risk was reduced in a multivariate analysis as quality of diastolic blood pressure control increased (relative risk=8.4, 3.9, and 2.0 among those with poor, fair, and good control, respectively, compared with nonhypertensive subjects). Systolic blood pressure and its control appeared less or not significantly associated with stroke recurrence.
Condusions History of hypertension and elevated measured diastolic pressure after the initial stroke were associated with an increased risk of second stroke. The patients in the present study were admitted to the hospital between July 1987 and August 1989. Those whose medical history, examination, and computed tomogram (CT) confirmed that there was no prior stroke were diagnosed as having an acute initial stroke and were invited to enroll. Reasons for exclusion based on an analysis of a consecutive sample of 200 screened subjects who were not enrolled have been described elsewhere. 10 We enrolled 692 subjects with initial stroke within 4 weeks of onset (93% within 2 weeks). After excluding 8 patients subsequently found not to have been eligible and 22 who died during the initial hospital admission from causes other than a recurrent stroke, 662 patients constituted the study cohort, of whom 621 had an ischemic stroke. We followed up this group and analyzed the stroke recurrence rate in relation to history of hypertension, measured blood pressure in the hospital, and measured blood pressure during follow-up.
Trained study nurses interviewed patients or surrogates and reviewed hospital records and attending physician reports to determine whether there was a history of hypertension at the time of enrollment. History of hypertension was used for some analyses because measured blood pressure may be transiently elevated after a stroke. However, only measured blood pressure at enrollment and during follow-up was used to determine whether the blood pressure was controlled. Age, sex, stroke type, and presence of selected comorbidities at enrollment were also noted. These comorbidities included myocardial infarction (MI) by electrocardiogram (ECG), cardiac arrhythmia by ECG, diabetes mellitus (DM) by history, and transient ischemic attack (TLA) by history. The type of stroke was diagnosed using a modification of Stroke Data Bank criteria as described elsewhere. 10 Regular follow-up visits at home or nursing home by a study nurse were conducted first at 4 months and subsequently at about 6-month intervals until July 1991 for up to seven visits or until a second stroke occurred or the patient died, left the area, or refused follow-up.
At each visit the patient's blood pressure was measured. The method involved three consecutive measurements with a cuff mercury sphygmomanometer with the patient seated. The last two readings were averaged. The nurses who measured blood pressure were certified by the Pennsylvania High Blood Pressure Control Program of the Health Promotion Council of Southeastern Pennsylvania Department of Health. In this study several criteria were used to define hypertension: a measured systolic blood pressure a 150 mm Hg for those <65 years of age or 160 mm Hg for those 265 years of age was considered hypertensive; alternatively, a measured blood pressure >150 mmHg systolic for all patients was used. For diastolic blood pressure, 295 mm Hg or, alternatively, 290 mm Hg was used to define diastolic hypertension.
History of a stroke recurrence or TLA was queried, and the patient was examined at each visit by the trained study nurses. If any new neurological signs were suspected, the patient was queried and reexamined by a study neurologist (G.F. or MA.). In addition, all available interim medical information was reviewed, including hospital records, CT, and assessments by physicians. Patients whose new signs and symptoms were confirmed by the study neurologist as compatible with a new stroke were listed as having had a stroke recurrence.
Information regarding comorbidities (MI, arrhythmia, DM, TLA.) and an ECG were also obtained by the nurse during the initial and all subsequent visits using standardized methods described elsewhere. 10 These data were reviewed by a neurologist (G.F.). For patients known to be diabetic or if symptoms suggestive of DM were elicited on interview during follow-up, blood for a grycosylated hemoglobin assay was obtained. In Table 1 we show the demographic characteristics, medical comorbidities, and stroke types for the cohort of 662 discharged from the hospital after their initial stroke and for the 537 with at least one follow-up visit.
A multifactorial analysis of these data has been reported, using age, sex, and comorbidities as variables.
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Stroke recurrence frequency in patients with an ischemic stroke who were hypertensive at enrollment by history was compared with that in patients with an ischemic stroke who were not hypertensive by history using Kaplan-Meier survival curves. We also analyzed differences in stroke recurrence in the entire cohort using measured blood pressure and various cutoff points to define hypertension as described above, again using the Kaplan-Meier survival curves. "Survival" was defined as the interval from the initial stroke until stroke recurrence for as long as the subject remained in the study. Significance of differences in survival among those above and below the cutoff in these analyses was determined using the log-rank test.
In addition to analyzing stroke recurrence frequency based on blood pressure status by history and by measured blood pressure at enrollment, we also attempted to determine the effect of controlling blood pressure during follow-up. Several levels of control were established. Those who were hypertensive by history at enrollment but had a measured blood pressure ^150 mm Hg (160 mm Hg if aged 265 years) or a measured diastolic pressure <95 mm Hg on 75% or more of follow-up visits were considered to be in good control. Those with measured blood pressure under the cutoff levels as defined above during follow-up on 50% to 74% of visits were considered to be in fair control; if measured blood pressure was below the cutoffs on less than 50% of follow-up visits, control was considered to be poor. Patients with no follow-up visits were censored, and these Kaplan-Meier curves were based on 537 patients with at least one follow-up visit.
Since the chance of being in control using the above method could be affected by length of follow-up, we also performed a time-dependent, Cox proportional hazards analysis taking the last recorded systolic and diastolic blood pressure as the most current blood pressure in the analysis of risk of recurrent stroke. The independent effect of blood pressure control was tested using this model with forward selection taking into account age, sex, and comorbidities at enrollment by history (DM and TLA) or by ECG (MI and arrhythmia). This analysis was performed using the 537 patients with at least one follow-up visit.
Results
In this cohort, history of hypertension was present at enrollment in 59.4%. In addition, we were able to measure blood pressure in the hospital on all but 6 patients (99%). The distribution of measured systolic and diastolic blood pressure at enrollment in this cohort is shown in Fig 1. Using measured diastolic blood pressure of £95 mm Hg as a criterion, 2.6% of the cohort was hypertensive in the hospital, whereas when &90 mm Hg was used, 7.2% of the cohort was hypertensive. For systolic blood pressure, 23.3% had hypertension using a blood pressure of s 150 mm Hg as the criterion, and 13.0% were hypertensive using the criterion of ^150 mm Hg for those <65 years of age and 2160 mm Hg for those >65 years of age (Table 2) .
During the study there were 138 (20.8%) deaths, 29 (4.4%) who moved out of the study area, and 70 (10.6%) who refused to be followed up. The follow-up period averaged 24 months (range, 1 to 48 months), and during this period a total of 81 (12%) of the 662 enrolled had a recurrent stroke. The rate of recurrent stroke in the cohort was 8% in the first year, 5% in year 2, 3% in year 3, and 5% in year 4.
Using a Kaplan-Meier analysis, the frequency of stroke recurrence was analyzed in the 621 patients with an ischemic stroke; those with a history of hypertension were compared with those without such a history (Fig  2) . The difference between these two groups was statistically significant (/>=.O1). Similar analyses were carried out using the alternative criteria for defining hypertension and comparing those above and below the cutoff points for measured blood pressure at enrollment. These analyses showed that only diastolic blood pressure in the hypertensive range but not systolic blood pressure was significantly associated with risk of stroke recurrence (Figs 3 and 4) . Control of diastolic blood pressure was also significant in reducing risk of recurrent stroke (Fig 5) .
We also used a Cox proportional hazards model to examine the effect of controlling blood pressure on the stroke recurrence rate. Both controlled diastolic and controlled systolic pressure appeared to be associated with reduced risk of stroke recurrence in the univariate Cox analysis (Table 2 ). However, in the multivariate analysis of risk factors, taking into account age, sex, and comorbidities, only diastolic blood pressure emerged as a significant and independent risk factor for stroke recurrence ( Table 2 ). As shown in Table 2 , the risk of stroke recurrence was approximately eightfold higher in those with poorly controlled diastolic pressure compared with nonhypertensive subjects (P=.O1). It was almost fourfold higher in those with fair control of diastolic pressure (P=.O7), and in those with good diastolic pressure control stroke recurrence was twofold higher (P=.O3). Thus, although there was a clear trend indicating reduced risk of stroke recurrence with each level of improvement in diastolic pressure control, the presence of diastolic hypertension, as defined, was still associated with increased risk of stroke recurrence. Systolic blood pressure, on the other hand, was not a significant independent risk factor for stroke recurrence in the multivariate analysis (P=.15) even after taking age, sex, and comorbidities into account. Other results Table  1 ). SBP was not significant (P=.15) and therefore is not shown.
§Risk ratio from time-dependent Cox proportional hazards model with stepwise forward selection as with immediately preceding section. DBP and SBP were the time-dependent variables; again SBP was not significant. of this multifactorial analysis are reported elsewhere.
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A time-dependent Cox proportional hazards model in which diastolic and systolic blood pressures at the last follow-up visit before stroke recurrence were the timedependent variables yielded essentially similar results (Table 2) . Again, control of diastolic but not control of systolic blood pressure was associated with reduced risk of stroke recurrence.
Discussion
In the present study a history of hypertension at enrollment was significantly associated with increased risk of stroke recurrence. Also, level of diastolic (but not systolic) blood pressure over the course of the study was a significant risk factor for stroke recurrence. Good control of diastolic pressure, as defined in this study, appeared to be associated with a substantially reduced risk of stroke recurrence. This association persisted even when the effects of other variables such as age, sex, and comorbidities were taken into account in a multivariate analysis and when several different cutoff levels were used to define quality of control. Similar results were seen using the Kaplan-Meier method as well as univariate, multivariate, and time-dependent Cox pro- portional hazards models. Thus, our study provides additional support for the belief that diastolic blood pressure control is important in reducing risk of stroke recurrence.
MacMahon et al, 12 in an analysis of nine prospective observational studies involving 420 000 subjects, reported that the higher the diastolic blood pressure, the higher the risk of stroke, with no threshold effect. Level of diastolic blood pressure was strongly and positively related to risk of stroke even among those whose blood pressure was considered to be in the normotensive range. This study did not clearly differentiate between initial and recurrent stroke risk, but given our results, which showed a clear trend between better control and reduced risk of stroke recurrence, the relation between risk and quality of control of diastolic pressure is likely to exist for both initial stroke and stroke recurrence.
Collins et al 13 analyzed 14 studies in which therapies for controlling hypertension were evaluated as preventives of cardiovascular disease, including stroke. A 42% reduction in stroke, both fatal and nonfatal, was observed. Again, there was no clear distinction between identical, yet the variance in their results was statistically insignificant. Moreover, in the Framingham Study, 14 the beneficial effect of blood pressure control on stroke reduction in the 1950s and 1960s, when less effective treatments for hypertension were available, was similar to the effect in studies done in the 1970s, when more effective antihypertensive therapies were used. Similar results despite differences in treatment suggest that the benefit of blood pressure reduction in the prevention of initial and recurrent stroke is not due simply to recently available antihypertensive therapies with more protective antistroke mechanisms. A substantial reduction in risk of stroke recurrence appears likely in those whose diastolic blood pressure control is successful. When those with poorest control were compared with those with best control in a multivariate analysis, there was a more than fourfold reduction in relative risk of stroke recurrence among the latter, from 8.4 to 2.0, although those with good control still had almost double the risk of nonhypertensive subjects.
Our observation that diastolic rather than systolic blood pressure control is significantly associated with reduction in stroke recurrence has been noted previously. For example, Beever et al 1 showed that hypertensive subjects whose diastolic blood pressure was under good control (<100 mm Hg) had a lower rate of stroke recurrence than other patients with only fair control (100 to 109 mmHg) or poor control (>110 mm Hg). Sacco et al, 4 using Stroke Data Bank information, analyzed the 30-day cumulative risk of stroke recurrence. An increased risk of recurrence was significant for diastolic but not systolic blood pressure. In Carter's 15 study of patients who survived an acute stroke, hypertensive subjects were defined as those with a diastolic pressure >110 mmHg or a systolic pressure >160 mmHg. In those aged >65 years, control of systolic blood pressure, as in our study, was of no benefit in reducing stroke recurrence rate. Control of diastolic pressure in Carter's study was marginally beneficial compared with those with uncontrolled blood pressure. The finding of only marginally significant benefit may have been due to his having studied only 97 hypertensive patients; with a larger number, the benefit might have reached statistical significance.
In a somewhat larger study, Johnson et al 2 included 124 patients with prior stroke. A lower stroke recurrence rate was found both among those with systolic pressure <160 mmHg and diastolic pressure <90 mm Hg. Using the Framingham Study data, Wolf et al 14 described a health risk appraisal model for evaluating risk of stroke. Their model included systolic but not diastolic blood pressure. However, they did note that among borderline hypertensive subjects with blood pressure between 140/90 and 160/95 mm Hg (values that include both systolic and diastolic blood pressure), treatment of hypertension was associated with reduced risk of stroke in both men and women.
Not all studies have shown a benefit in reduction of risk of stroke recurrence for those whose blood pressure is controlled. For example, in the population-based study of stroke recurrence reported from Rochester, Minn by Meissner et al 5 during the period 1950 to 1979, level of blood pressure before the initial stroke and the degree of control of blood pressure among hypertensive subjects had no apparent effect on risk of stroke recurrence. In the Hypertension-Stroke Cooperative Study 6 452 stroke survivors were included. No significant difference in frequency of stroke recurrence was found between controlled and uncontrolled hypertensive subjects during 3.5 years of follow-up. The latter study differed in a number of respects from ours, not the least of which was that patients were enrolled up to a year after the initial stroke, whereas all of our patients were enrolled within 1 month of onset. Also, the Hypertension-Stroke Cooperative Study included a large number of black patients, whereas in our study 97% of patients were white. Frequency of hypertension differs by race, 16 and control of hypertension may have different effects on recurrent stroke rate in different races.
A possible explanation for our observation that diastolic rather than systolic blood pressure control influences stroke recurrence rate is our definition of good control for systolic blood pressure (ie, >150 mm Hg on 75% of follow-up visits). Also, reducing systolic blood pressure may have an effect only on initial 17 19 These levels are lower than those we used to define good control, and possibly our cutoff point for defining good control of systolic pressure may have been too high to see an effect on stroke recurrence rate.
The stroke recurrence rate in our cohort was similar to that observed by other investigators. For example, in the recently reported study by Hier et al 3 involving 1273 patients with an ischemic stroke, history of hypertension was significantly associated with risk of stroke recurrence, with a 2-year recurrence frequency of 14%. In our study the frequency was 13% in 2 years.
The estimated relative risk for recurrent stroke in relation to concurrent medical conditions has been calculated previously for a different cohort of patients in the Lehigh Valley. 8 In that stroke cohort, hypertension was associated with a 4.5-fold increase in the risk of stroke recurrence (P<.001). The significance levels for the age-specific relative risks were 5.01 except for the risk among those aged <65 years (P=.05). The risk of stroke recurrence did not vary much with age except in those aged ^85 years, when it increased. However, when logistic regression modeling was conducted on the simultaneous action of risk factors in that study, hypertension did not emerge as an independent risk factor for ischemic stroke recurrence (P=.55). 9 A retrospective design was used in that study. Many records had missing data on hypertensive status, and blood pressure control was not evaluated. In the present study, with an improved prospective design in which blood pressure status was specifically queried in every case and determined at enrollment in 656 of 662 (99%) of the cohort, diastolic but not systolic blood pressure did emerge as a significant and independent risk factor for stroke recurrence even when comorbidities were considered. In addition, control of diastolic blood pressure significantly reduced risk of recurrence.
It is apparent from our study that standardized definitions of hypertension and control of hypertension are needed. More detailed modeling of various cutoff points for blood pressure control could be instructive in providing information on the most effective levels. For example, lowering blood pressure too much might increase stroke recurrence, especially in older persons. Moreover, the period of enrollment after a stroke during which a patient would be eligible for enrollment must be specified and standardized if recurrence rates are to be compared in different studies. Confounding risk factors such as stroke subtype, treatments, and presence of additional risk factors, such as smoking history, lipid status, exercise, and alcohol consumption, should be considered. However, even with these caveats in interpreting our results, uniformity among available studies, including ours, in showing that blood pressure control (especially diastolic blood pressure) reduces stroke recurrence suggests that the effect is real and offers hope that aggressive efforts to lower blood pressure in hypertensive subjects will substantially lower the risk of recurrent stroke.
